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Points for the discussions today:

% Background about formaldehyde
< The current risk assessment landscape

% The meeting itself — goal, invitees, session structure,
topics

¥ Overview of some of the conclusions/recommendations

from the meeting

% Recommendations for integrating data streams into a
formaldehyde risk evaluation
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Some Background about Formaldehyde

1 At concentrations above 6 ppm in rats, where there is clear
cytotoxicity and cell replication, it causes nasal cancer in rats.
One of the most extensively studied chemical carcinogens
Present in all cells at an appreciable level - tenths of mmoles/liter

Estimated background exhaled concentrations of several ppb

20 00

Endogenous formaldehyde-DNA reaction products have a high
background

a

Inconsistent epidemiology in occupational cohorts

Risk assessments across the world are highly divergent
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A View of the Risk Assessment Landscape
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FORMALEHYDE SCEENCE EXVITED EXPERTS WORKSHOP
UNDERSTANDING POTENTIAL HEMAN HEALTH CANCER KISK - FROMDATA
v TE RISK EVALUATEON
1 1011, 2017
Loeation: UNC Feiday Center, 180 Friday Ceater Dave, Chinpel Hill NC 27308

Co-Chairs: Drs. James Swenberg and Kenneth Mundt

With ongoing work on a new [RIS assessment, it was considered
an opportune time to bring together highly-regarded, subject
matter experts and discuss how diverse data streams could be
brought together to conduct an up-to-date risk evaluation
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Four regulatory scientist — Bruce Rodan, Kris Thayer, Iris Camacho and Sue McMillan — and one EPA scientist from
NHEEL - Rory Conolly.
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Today, we want to convey a sense of the
discussions, conclusions and
recommendations from the group for
the path forward

. Dr.Swenberg - formaldehyde DNA-reaction
products in various tissues from rodents and
monkeys and their implications for responses to
formaldehyde beyond the front of the nose.

. Dr. Mundt — key recent epidemiological evaluations
related to NPC, AML and Mode of Action

ilt. Dr. Andersen — recommendation for integrating the
rodent and human studies into a more quantitative
risk evaluation for formaldehyde.
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i. Dr. Swenberg - formaldehyde DNA-reaction products in
various tissues from rodents and monkeys

Formaldehyde-Induced DNA-Protein Crosslinks

* DNA-Protein Crosslinks {DPCs) have long been known to be genotoxic.

* Heck and Casanova conducted extensive studies on rats and primates
exposed to radiolabeled formaldehyde.

* We have now developed a chemical-specific method for the dG-
OHMe-cysteine DPC that can measure both endogenous and
exogenous DPC.
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Time to Steady-State for Exogenous [*3CD,]-HO-CH2-dG Adducts

in Nasal Epithelium
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Looking at Adducts originating from both endogenous and
exogenous formaldehyde.
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Formation of N>-HOMe-dG mono-adducts (mean % SD) in rat nasal epithelium, bone
marrow and white blood cells exposed to 2-ppm labeled formaldehyde for 28 days.

Exposure period

Rat nasal epithelium

N*-HOMe-dG (adducts/107 d&)

Rat bone matrow

NE-HOMe-dG (adducts/107 dG)

Rat white blood cells
AP-HOMe-dG (adducts/107 d&)

Endogenous®  Exogenous n Endogenous * Exogenous n Endogenous®  Exogenous n
o

7 days 251+063 035+017 5 3374156 /n.d 6 262:+1.12 /{n.d.\\\ 4
14 days 3094098 0844017 5 2724136 { nd 6 2262046 | nd 4
21 days 334+1.06  095+011 5 2444096 f  nd E 6 2.40+0.47 / nd ﬁll 4
28 days 282+076 105016 6 3.43+£220 N34t \ 12 2.49 +0.50 ! nd 3 4
28 days + 6h post expo 280+058  0.83+033 9 241+ 1.14’ nd 6 297+058 E nd J 4
28 days + 24h post expo 2984070 0804046 9 467+ 184 nd 5 2.57+0.58 1 nd } 4
28 days + 72h post expo 2994063  063+012 9 5554076 \ nid 6 1.75+0.26 \ nd 4
28 days + 168hpostexpo 278048  0.67£020 10 2,78+ 1.94 | nd / 4 261+£1.22 \ nd 4
Air control 284+054 nd 8 358099 Y nd/ 6 2762066 Y nd J 6

@ No statistically significant difference was found using the two-sided Dunnett’s test (multiple comparisons with a control)
(Dunnett, 1964). ® The amount of exogenous N*-HOMe-dG adducts that was found in only one bone marrow sample analyzed

by AB SCIEX Triple Quad 6500. n.d. = not detected.
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Some of the Endogenous Formaldehyde Arise from
Demethylation of Histone 3 in the Nucleus

& Postulated pathway for Demethylation of dibei4H3 by LS
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Shi et al. Cell, 2004 ; 119(7):941-953. (Cited over 1,100 times)
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dG-Me-Cys in Rats Exposed to High Levels of Formaldehyde

Rats Exposed to 15 ppm

Formaldehyde induced dG-Me-Cys in nose, PBMC and bone
marrow of rats exposed to 15 ppimn of formaldehyde {6 h per

Tissue Exposure dﬂa&-Me-Cys {crosslink/108 dG}
period {day)
Endogenous Exczgenous
o &
Nose 6.50 +0.30 (n=5) ND
1
4.42 + 1.10 {n=6} 552+0.80
2
4.28 + 2.34 {n=6) 4694176
4
3.67 + 0.80 {n=6) 18,384.7.23
4] £ ND\
PEMC 4.98£0.61 (n=5)
1 NB
3.26£0.73 (n=4) %
2 ND:
3.00 £ 0.98 (n=5)
4 M
7.19 £ 1.73 (n=5)
0 1.49 £ 0.43 {n=3) ND 3
Bone
Marrow 1 1.67 £ 0.18 {n=3) N

1.66 + 0.57 (n=3)

1.41£021 (n=3)

o/

* ND, Not detected
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Similar responses are seen in Primates
Formaldehyde mduced dG-Me-Cys in nose, PBMC and bone marrow of primates
exposed to 6 ppm of formaldehyde (6 h per day)
Tissue Exposure period dG-Me-Cys (crosslink/10% dG)
(day)
Endogenous Exogenous
0
Nose 3.59+1.01 (n=5) ND
2
3.76 = 1.50 (n=5) 1.36 40.20
0 ND
PEBMC 1.34 £ 0.25 (n=5) \
2 ND
1.57 £ 0.58 (n=4)
0 2.30 + 030 (n=4) N
Bone
Marrow 2 1.40 £ 0.46 (n=5) HD
0 15.46 + 1.98 (n—6) ND
Liver /f
2 11.80 +2.21 (n=6) \VIE\ID&/ « ND, Not detsotad
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Formaldehyde derived DNA reaction products in
various tissues from formaldehyde precursors

A variety of compounds are metabolized to
formaldehyde — e.g., methanol, caffeine,
aspartame, many drugs.

Tissue formaldehyde adducts are found
after with dosing mice methanol.

With formaldehyde, no DNA-adducts are
found at sites other than in the front of the
nose in either rats or the non-human
primates.

Inhaled formaldehyde does not reach these
other tissues

e todcniventin FYRE o
PRI A anidnols

. N,

el par 107 83

L

Pontel et al. Molecular Cell, 2015; 60{1):177-188
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Ongoing Studies on Formaldehyde DNA-reaction products

* Low dose exposures in rats (air control, 1 ppb, 30 ppb, 300 ppb)
* Breath analysis shows approximately 1-2 ppb in humans

* 1 ppb is approximately the same as breath analysis with no exposure
to formaldehyde

* Expected completion of mass spectrometry by January 2018
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Il. Key New Epidemiological Evidence/Analyses:
NPC, AML and Mode of Action — Dr. Kenneth Mundt

* Marsh et al. (2014, 2016) challenge conclusion of NPC association as “neither consistent
with the available data nor with other research findings”

» “driven heavily by anomalous findings in one study plant (Plant 1}”

* Nasal/sinus cancers seemed more plausible than NPC, but increased risk not seen.

* Checkoway et al. (2015) reanalysis of Beane Freeman et al. (2009)
* Separated myeloid leukemias into acute (AMLs} and chronic (CML)

* Associations seen with Hodgkin lymphoma and CML, but not observed in other
studies

* Evaluated associations with “peak” exposure

e Gentry et al. (2013) and Mundt et al. (2017) reanalysis of Zhang et al. (2010)
demonstrate no association between formaldehyde exposure and any reported outcome
among exposed workers.
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No excess mortality from AML or CML observed

Chechoway et al, 2015

NS 0 (r=3,136) Exposed (=2

2,483)

Fenne Freeman of al, 2003

Man-eposed el 108}

Obs SBAR {959 C8 Cibs BBAR {955 1)

Che  BBAR {95% O1)

Myeloid 4 0.69(0.19-1.76) | 44*  0.86(0.64-1.16)
leukemia .,
AML 4 093(0.25237) |30 0801056104 DNR
CML 0 ‘\3,3 HOTHrs6 6T

w4 A

US mortality rates used as the reference

*QOne death was ceded to ICD-8 205.9, unspecified myeloid |

4 0.65(0.35-1.74)

eukemia.
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Association between peak exposure and mortality using most specific
diagnosis (Checkoway et al. 2015)

Mex peak 2&.0 o < 450 prm 28,8 pprn

Diagnosis (s R {95% O O HR §95% 1) Ciks FiR {3556 C1} P trend
Hodgkin 15 1.0 (referent) 5 2.18(0.77-6.19) 7 3.38(1.30-8.81) 0.01
lymphoma
Myeloid 27 1.0 (referent) 11 2.09(1.03-4.26) 10 1.80 (0.85~3.79) 0.06
leukemia

AML 21 1.0 {referent) 7 1.71 {0.72-4.07) 6 1.43 {0.56-3.63) 0.31

ML 6 1.0 {referent) 3 2.62 {0.64~10.66) 4 3.07 {0.83~11.40} 0.07

Of 13 AML deaths with peak >2.0 ppm, only 4 had any peak within the 20 years of death;
only 1 AML death occurred (similar to expected) within 2 to 15 years (typical latency
window).

Uncertain relevance of exposure measure — predicted peak exposure — with no measures of
actual exposures
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No increased risk of AML is seen in relation to occupational
exposure to formaldehyde

Hosndjeh otat, 2012

ozl 204
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More complete analysis of Zhang et al. 2010 data

e Zhang et al. (2010) reported significant “changes”” in blood
parameters and aneuploidy in in vitro cell cultures.

* Concluded, “formaldehyde exposure can have an adverse
effect on the hematopoietic system and that leukemia
induction by formaldehyde is biologically plausible, which
heightens concerns about its leukemogenic potential from
occupational and environmental exposures.”

rtad differences in blood parameters between exposed and
d a1 one point in e no changes were investigated over times
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Association between formaldehyde exposure and WBC and RBC counts

and components do not show expected dose-response

Exposure Blood Count 95% Ci Tp-value Blood Count 95% CI tp-value
Adjusted RR Adjusted RR
I WBC RBC
| Unexposed 1.00 1.00
I <13 ppm *0.87 0.78-0.97 *0.94 0.91-0.98
21.3 ppm *0.85 0.76-0.96 0.943 *0.94 0.90-0.98 0.947
"""""""""""""" Lymphocytes Hemoglobin
Unexposed 1.00 1.00
<1.3 ppm *0.85 0.75-0.96 0.98 0.94-1.01
21.3 ppm *0.79 0.63-0.90 0.660 0.99 0.95-1.03 0.818
Monocytes MoV
Unexpaosed 1.00 1.00
<1.3 ppm 0.90 0.77-1.06 1.03 0.99-1.08
21.3 ppm 0.89 0.75-1.04 0.973 1.06 1.02-1.11 0.550
Granulocytes Platelets
Unexposed 1.00 1.00
<1.3 ppm 0.87 0.75-1.01 *0.85 0.75-0.96
21.3 ppm 0.88 0.75-1.03 0.997 091 0.80-1.03 0.674

tComparison between exposed categories
*p<0.05 compared with unexposed
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Monosomy 7 — only colored circles met thelr own internal study protocol
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Trisomy 8 - only colored crcles met thelr own internal study protocol
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Epidemiological Conclusions

Epidemiological evaluation of the one cluster of NPC deaths not clearly associated with formaldehyde
exposure. Nasal/sino-nasal cancers seemed plausible based on animal studies but increased risk of
these tumors has not been seen in the epidemiological studies.

Conclusions relied upon from Beane Freeman et al. 2010, i.e., association between ML and ‘peak’
exposure were not verified upon more complete analysis:

* No excess of ML or AML observed; and

= Very few decedents with AML had any peak exposure {only 1 within usual latency period}.

Conclusions relied upon from Zhang et al. 2010 inconsistent with fuller analysis of study data, including
unreported individual exposure measurements: no associations with exposure level seen among
exposed.

Weight of evidence synthesis of epidemiclogicel evidence provides vert Hittle
support for a causal association between formaldehyde and either NPC or AML.
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lll. Integrating studies into a more quantitative risk evaluation

Exposed: Formaldehyde flux, primarily from air
to tissue, increases tissue concentration leading to

Labile methyl growps and cytotoxicity and increased level of DNA-reaction
Cytosol one-carbon metabolism
products

|

jnhated

Do
EH"‘\‘\N-DNA
oR intake
i Uptake tabile methyl groups and
! one-~carbon metabolism
H K
, :
| Nucleus : ; K2k
LNARES Kna ¢ ’i inhated
Krep : o
;
)
GSH + HCOOH :
;
;
;
; R
Background: Formaldehyde flux, g oH Toxici
. - ; o ¥ oxicit
primarily from tissue to air, with significant /Eﬂ ¥
background levels of various formaldehyde GSH + HCOOH

reaction products
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Recommendations/Conclusions: Mode of Action

% The risk assessment for formaldehyde should be structured around a MOA
framework based on the extensive understanding of cancer causation in the rat
nose

«» Measures of DNA-reaction products from formaldehyde should be central
considerations in evaluating the ability of inhaled formaldehyde to reach other
tissues

% The BBDR model for formaldehyde by Conolly and others could be updated to
assist in answering questions about the relative roles of cytotoxicity and DNA-
reactivity in cancer in the rat
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What would be the proposed MOA for human cancer in
light of central role of high doses and cytotoxicity?

2% Delivery to venous blood Labile methyl groups and 22 Debivery to thsuesin
in the Mghly suposed reglons CVtOSO| one-carbon metabolism maore distal regions of the
of the nose Kp nose, Le, NP
___________________ .
]
i — K21
H kdne 1 |
e :\N--’)NA i 1 inhaled
’\0'»5 ¥k W“H HTUTOH & Formaldehyde
i rep oOH Uptake

Histone
demethylation

Circulating Stem Cell
GSH + HCOOH

** Dosimetry studies indicate that it unlikely that high tissue concentrations can be achieved
in any of these more remote tissues.
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Recommendations/Conclusions: NP Cancer Epidemiology

% The association of NPC with formaldehyde exposure needs to be examined in light of the animal MOA
where tumor formation requires high concentrations of formaldehyde and the presence of relatively
high concentrations in all cells.

% Review experience with other human nasal carcinogens to determine whether there are reasons to
expect differential sensitivity in particular portions of the human nose compared to the rat.

Recommendations/Conclusions: LHP Cancer Epidemiology

% The association of LHP cancer also needs to be examined in light of the animal MOA where
tumor formation requires high concentrations of formaldehyde adding to an already
substantial level of cellular formaldehyde.

% Evaluate experience with other other compounds producing leukemia, such as benzene and
chemotherapeutic compounds, where bone marrow toxicity is also evident.
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Systematic review is more than just assessing modes-of-action

THE IPCS CONCEPTUAL MOA FRAMEWORK FOR
EVALUATING ANIMAL CARCINOGENESIS:

Introduction to the Framework Analysis

+ Poshuiated niode of action {theory of the case)
+ Key events

« Concordance of dose-response refationshing

+ Temporal association

fumour response with key events
« Biological plausibifity and coherence
« Cther modes of action

+ Uneertginties, nconsisiendies, and Data Gaps

+ Assessment of postulated mods of action

« Shrength, consistency and specificity of asseciation of

1PCS general schems Hlustrating the main steps In svaluating the
human relevance of an animal MOA for tumour formation,

‘st waight o evidence suifidentte! §gy  / Continue \\‘
establish & mode of action QUOA} In e wiith risk
; +\ Besessement /

When we end up
here, how do we
do the quantitative
risk evaluation?

o .
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Recommendations/Conclusions: The Integrated Risk Evaluation:

%+ The risk assessment should take into account the weight of evidence for
causation of a response by formaldehyde, the concentrations in air and tissues
associated with these effects, and the overall evidence for particular modes of
action.

% Systematic review needs to evaluate both the qualitative evidence for various
MOAs and the manner in which the studies are brought together to support
extrapolation models — threshold or low-dose linear - in the quantitative risk
assessment.

% This type of robust evaluation appears beyond the scope of present systematic
reviews that focus on toxicity rather than the support for extrapolation models
based on mode of action studies.

The oarticipants
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